experience with nonbacterial verrucous endocarditis. Lastly, small vegetations may be missed with two-dimensional echocardiography. There is no information at the present time to indicate the size of lesion necessary for echocardiographic visualization. Several small vegetations (2-3 mm in size) found at surgery or autopsy were not detected in this study using echocardiography.
In this study, two-dimensional echocardiography and time-motion echocardiography, in combination with the clinical condition of the patient, all proved useful in the diagnosis and management of bacterial endocarditis. The additional information provided by real-time, two-dimensional echocardiography demonstrate the unique ability of this ultrasonic imaging method to provide important new diagnostic information in this disease entity. SUMMARY The long-term behavior of an antibiotic-treated homograft aortic valve inserted in a freehand fashion was assessed in 121 patients operated upon for aortic valve disease and followed from four to six and one-half years. There were seven hospital deaths (5.7%) and 30 late deaths, only one of which was related to the homograft valve. The six year survival was 69% (77% for single valve and 52% for multiple valve surgery). At six years 9% had important homograft aortic valve incompetence (HAVI) and most of these re-OUR EXPERIENCE WITH HOMOGRAFT VALVE SURGERY began in August 1962' with the subcoronary placement in a freehand fashion of an aortic valve collected using sterile techniques from a 23-year-old donor. The valve had been stored for 16 days in Hanks' balanced salt solution which contained no antibiotics and the recipient was a 14-year-old girl in severe heart failure from aortic incompetence. Thirteen years later she is well and active quired reoperation. Important HAVI occurred in only 5% of patients with an aortic root diameter < 24 mm and in 38% of those with a markedly dilated or distorted proximal aorta (P < 0.01). The freehand aortic homograft was considered superior to prosthetic devices because of the absence of chronic anticoagulation, thromboembolism, sudden death from valve failure and significant obstruction in a small aortic root. With slightly restricted patient selection the valve failure rate is expected to fall to less than 1% per year.
without anticoagulant or other drugs and has had three normal pregnancies. Her This series includes all 121 patients undergoing aortic valve replacement with an antibiotic-treated homograft valve by one surgical service from the commencement of this form of valve preparation in September 1968 until the end of 1970. The patients were unselected insofar as prosthetic aortic valves were used in eight patients only, usually because a homograft was not available. They were selected, however, with respect to severity of disease, for while they represented only 58% of the patients having aortic valve replacement at Green Lane Hospital during the period, they included almost all patients with increased risk factors, namely emergency (8) , multivalve replacement (34), and repeat operations (43). Seven of the latter 43 had had more than one previous operation including four patients with two aortic valve operations and one with three (a homograft was used for the first operation in only one of these five patients).
There were 78 males and 43 females, aged 11 to 74 years, with 62% aged 50 years or more (table 1) . Forty-five patients had pure or dominant aortic stenosis (AS), 34 pure or dominant aortic incompetence (Al), four balanced stenosis and incompetence and 38 patients had homograft aortic valve incompetence (HAVI). The original aortic valve lesion in this latter group was stenotic in 20, incompetent in 16 and balanced in two.
Forty of the 45 stenotic valves were heavily calcified and two-thirds were congenitally bicuspid. In contrast, only five of the incompetent valves showed light calcification and most were of rheumatic etiology. The incompetent homograft valves had been chemically sterilized or freeze-dried or both and were incompetent because of leaflet rupture (29), leaflet endocarditis (6) or inaccurate insertion (3). Leaflet calcification was noted only twice (once following endocarditis), although there was usually diffuse calcification of the aortic wall remnant of the graft.
Using the NYHA classification to grade the symptomatic state preoperatively, one-third of the patients fell into each of classes II, III and IV. One patient was in class I, a 37-year-old man with recent severe incompetence from a ruptured homograft cusp. If an episode of left heart failure which had resolved with therapy was used as an additional indication for inclusion in class IV, 66 of the 121 patients entered this class. The frequency of associated ischemic heart disease was unknown, for while 58 patients had preoperative cardiac catheterization, only three underwent coronary angiography. No patient had simultaneous coronary artery surgery. Twelve patients, all with AS, were known to have systemic hypertension preoperatively. In six this was severe and in three it was related to untreated coarctation of the aorta.
All patients have been reviewed periodically since discharge, most by cardiologists at Green Lane Hospital, but some have been examined by other cardiologists and a few by their general practitioner. With the exception of the one patient lost to follow-up after 39 months, the minimum follow-up of the surviving patients was 49 months and the maximum 84 months (average 68 months). The data are not significant beyond 72 months because of the small numbers involved.
Homograft Valve Preparation
The aortic valves were removed from cadaver donors aged 13 to 73 years, one-third of whom were females. The interval from death to autopsy varied between four and 48 hours, averaging 23 hours. Most donors died from trauma but all other causes of death, except septicemia, were accepted. After removal from the donor heart the valve was sterilized and preserved at 4°C in Hanks' balanced salt solution to which was added 50 units of penicillin, I mg of streptomycin, 1 mg of kanamycin and 25 units of amphotericin B per ml of solution. The valve was accepted for use when fungal and bacteriological cultures showed it to be sterile. An attempt was made to use each valve within as short a time as possible but, because of reluctance to discard any suitable valve, the average duration of storage in the antibiotic solution prior to insertion was six weeks, and 15 of the valves used were stored 10-35 weeks.
Any valve with a significant congenital abnormality of the leaflets, including excessive fenestration of the free edge adjacent to its aortic attachment, was discarded. Most of the cusps from older donors showed some atheromatous deposits in the hinge area and these were accepted provided tNo autopsy performed.
Abbreviations: AI = aortic incompetence; AS= aortic stenosis; AVRH = aortic valve replacement with homograft; CAD = coronary artery disease; HAVI = homograft aortic valve incompetence; MI = mitral incompetence; MS = mitral stenosis; MVRH = mitral valve replacement with homograft; MVRP = mitral valve replacement with prosthesis; NYHA = New York Hospital Association; OR = operating room; TA = tricuspid annuloplasty.
there was no significant thickening and no calcification. Valves from older donors were used in older patients as far as possible.
Surgical Technique
Cardiopulmonary bypass was conducted using a disc oxygenator and roller pumps with a machine prime of two parts of fresh heparinized blood to one part of 5% dextrose. The nasopharyngeal temperature was lowered to 30°C. During the period of aortic cross-clamping both coronary arteries were perfused continuously' at a line pressure of 100 mm Hg. The heart remained beating during most of this period in two-thirds of the patients and was in ventricular fibrillation for most of the time in the remainder. In 11 patients cannulation or perfusion of one or both coronary arteries was unsatisfactory or impossible and in these the temperature of the coronary perfusate was selectively lowered to 20°-24°C by a small heat exchanger incorporated in the coronary line, and the pericardial space was irrigated with cold saline solution. In patients with aortic and mitral valve disease coronary perfusion was continued during surgery on both valves, but when tricuspid valve surgery was required also as a final step, the aorta was closed and unclamped and the heart defibrillated before opening the right atrium.
In all patients the homograft valve was inserted in the aortic position in a freehand manner using upper and lower continuous suture lines9 and additional mattress sutures"°t o obliterate the dead space beneath the valve buttresses. A segment of the aortic root was excised from the noncoronary sinus and base of anterior mitral leaflet (aortic root tailoring9) in 11 patients with a large aortic root, in order to reduce root diameter and allow a proper match with the available homograft. In three patients an ascending aortic arch aneurysm was excised and in two with congenital aortic incompetence an associated ventricular septal defect was closed."9
Results
Hospital Mortality There were seven hospital deaths (table 2) giving a 5.7% hospital mortality. This is related to age at operation, type of aortic valve disease (including reoperation for homograft aortic valve incompetence), and isolated and multi-valve surgery in table 1. A further analysis of the 34 patients undergoing simultaneous or prior multi-valvular surgery is given in table 3.
Three of the six patients operated upon in the eighth decade died, but the hospital mortality in the 115 patients below age 70 was 3.5%. There was no mortality in the isolated aortic valve replacement group below age 70 as the four deaths occurred in patients undergoing simultaneous multiple valve surgery. The hospital mortality for isolated aortic valve replacement in 87 patients was 3% and for simultaneous multiple valve surgery 12.9%. Three of the four deaths in this latter group occurred in patients undergoing a reoperation for HAVI. For a first operation whether isolated or multiple the hospital mortality was 2.6%. Just prior to death the aortic homograft valve was known to be competent clinically in 20 of the 30 patients while five had a short, faint aortic diastolic murmur (trivial incompetence), and four had mild incompetence. In these four patients death was due to coarctation, myocardial infarction, mitral incompetence and carcinoma, respectively. Finally, one of the 30 patients had moderate aortic incompetence due to a leak around the valve in association with a false aneurysm of the aortotomy which extended downward beneath the valve. She died at reoperation four months after the antibiotic homograft valve had been inserted. This patient is the only example where death was related to important incompetence of the antibiotic-treated homograft valve.
The actuarial curves" depicting patient survival are shown in figure 1. The differences between patients having single valve and multiple valve surgery were not significant. Nor were there significant differences in survival (excluding hospital mortality) between NYHA functional classes II, III and IV, ages over and under 50 years, or preoperative diagnoses.
Late Morbidity
Emboli. Anticoagulants were not used except after prosthetic mitral valve replacement. There have been two instances of possible cerebral emboli following isolated aortic valve replacement; one a brain-stem lesion four years after operation and the other a short episode of hemianopia nine days postoperatively. Both patients recovered completely and were not given anticoagulants.
Heart Block. Pacemakers have been implanted in two patients about 2/2 years postoperatively, in one for intermittent complete heart block present also preoperatively, and in the other for slow atrial fibrillation with probable episodes of complete block.
Stenosis in the other 26 patients who were catheterized postoperatively. Fine spicules of calcium which were not interfering with leaflet function were seen in the homograft leaflets removed from two patients at 47 and 54 months. There was no leaflet calcification in any other antibiotic-treated valve examined at either autopsy or reoperation.
Incompetence. Incompetence of the antibiotic-treated homograft valve has been graded as trivial, mild, moderate or severe according to clinical criteria previously outlined12' 13 which indicated a good correlation between clinical and cineangiocardiographic assessment of severity. However, whenever the clinical grading was in doubt cineangiocardiography was performed and this grading13 substituted.
The incidence of incompetence is shown in actuarial form in figure 2 . Forty-eight percent of the patients had perfect valve function at six years, and in a further 34% incompetence was considered trivial12 (the aortic diastolic murmur being short, localized and frequently difficult to hear and the pulse pressure normal). Mild incompetence was present in eight patients (9%) at six years and in four of these this grading was confirmed on cineangiocardiography. Moderate or severe (important) incompetence was present in 12 patients (9%) at six years.
The rate of appearance of incompetent murmurs on follow-up is represented by the slope of the lowest line in figure 2 . The curves show that trivial incompetence usually appeared within the first six months and that between 12 and 36 months there was a 7% incidence of new murmurs and a 1% incidence of important incompetence, while between 36 and 72 months there was a 17% incidence of new murmurs and a 5% incidence of important incompetence. When trivial or mild incompetence appeared in the first year and progressed to important incompetence, aortic dilatation or distortion was usually present; incompetence appearing later than this occasionally signalled the onset of leaflct rupture or, rarely, endocarditis.
At six years the incidence of important incompetence was 14% in patients over 50 years at the time of operation compared with 3% in those aged 50 years or less ( fig. 3 ). While this difference was not statistically significant there was a significant difference (P < 0.01) between those patients with a large or distorted proximal aorta and those with a small aortic ring (fig. 4) Reoperation has been required for important incompetence in 11 patients ( fig. 3 ), 10 of whom survived.
There were thus three causes of important incompetence: endocarditis, aortic dilatation or distortion, and cusp rupture.
Endocarditis occurred in two patients, but in one of these an active candida albicans infection was present on the host valve at the time of operation and recurred. Both patients were reoperated successfully at 39 and 46 months and another homograft valve was inserted.
Aortic dilatation or distortion was associated with important incompetence in six patients (fig. 4) fig. 5 ) which was similar to the incidence using a fresh untreated valve and superior to a chemically sterilized valve (P < 0.0005).
Rupture was no more frequent in patients in whom the present procedure was a reoperation for HAVI caused by rupture of a chemically-treated homograft valve inserted between 1963 and 1968 (two ruptures in 19 patients followed for more than four years) when compared with a primary aortic operation (five ruptures in 64 patients followed for more than four years). This contrasts sharply with the greatly increased incidence of rerupture which followed the insertion of a second chemical valve for HAVI caused by rupture. Thus, prior to the present series, 11 of the 16 patients who left hospital alive after insertion of a second chemically-treated valve have reruptured this valve, and this usually occurred within 15 stored for more than 10 weeks and followed for a similar period. Nor was it related to donor sex or donor valve diameter.
Discussion
The present analysis has been confined to the results from one surgical service to provide a valid comparison of late valve incompetence with earlier patients operated upon by the same service but using different types of valve preparation. In this way technical factors, which are important in relationship to late incompetence, are minimized. It must be pointed out, however, that during the period under review, the results from the other services at the hospital, where homografts were also used in almost every patient, were similar to those being reported.
The low hospital mortality achieved in this unselected series, which includes a high proportion of reoperations, multiple valve procedures and emergency operations, indicates that the aortic homograft can be inserted freehand both safely and accurately. It is, however, a technically demanding operation, particularly when the aortic root is small. This disadvantage, along with the inherent difficulties in maintaining a homograft valve bank should not, in our view, negate its use provided it is superior in other respects.
It is clear from this report that the only significant late morbidity from the homograft valve is incompetence and in this unselected series approximately half the patients who developed important incompetence had preoperative aortic dilatation or distortion. For this reason, marked dilatation of the ascending aorta with or without a frank aneurysm is a contraindication to the use of the freehand technique of homograft valve insertion. Diffuse dilatation of the sinuses of Valsalva and ascending aorta is particularly unfavorable when due to medionecrosis,'4 as despite excision of the ascending aorta, the sinuses usually continue to dilate and will over-stretch the homograft. Marked distortion of the aortic sinuses either from a localized congenital aneurysm or a false aneurysm through a previous aortotomy is also un Polynesian population who form an important proportion of our patients with rheumatic valvular heart disease, and the latter circumstance prevails in most parts of Asia and India. These latter races are particularly suited to freehand homograft valve surgery because, in association with their generally smaller stature, the aortic root is usually small. SUMMARY Cardiac performance was evaluated in 12 infants with isolated total anomalous pulmonary venous return. Four had significant pulmonary venous obstruction and severe pulmonary hypertension (group A). Eight had no obvious venous obstruction, and the pulmonary pressures were lower (group B). In all subjects, right ventricular end-diastolic volume was increased (197% of predicted normal) and its ejection fraction was normal. Left ventricular volume was, generally speaking, still in the normal range (87% of predicted normal); however, its ejection fraction was reduced (0.57 vs normal of TOTAL ANOMALOUS PULMONARY VENOUS RE-TURN (TAPVR) is a relatively rare congenital heart defect first described by Wilson1 200 years ago. Clinicopathophysiologic studies have emphasized a uniformly poor prognosis; death often occurs during infancy.2 4 Early attempts at surgical correction were attended by high mortality`but recent experience, even in small patients, has been more promising.812 The size and function of the left heart chambers have always been considered critical, especially when surgery is contemplated. The left ventricle can be either normal or small. The left atrium has been found to be consistently small by some investigators. ' 
Materials and Methods
Twelve infants with isolated TAPVR, six males and six females, and age 1 day to 8 months, underwent cardiac catheterization. All were on digitalis therapy for cardiac failure of varying severity. Three older infants received mg/kg of chloral hydrate for sedation; in the rest, no premedication was given. In two severely ill infants (case 1, 10), the procedure was carried out with the baby on assisted ventilation; in two others (case 2, 5), oxygen was given by face mask. Following pressure recording and blood sampling of the right and left heart, biplane cineangiocardiograms were obtained with injection of contrast material
